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0 Ruorone and pyronin Y derivatives. 


© A novel class of compounds is described, certain members of which are useful as fluorescers or as 
photoinitiators. The compounds have the general structures (I) (II) (III) or (IV): 



where A is selected from hydrogen. 
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alkyl, aryl, alk nyl, alkynyl. dichlorotriazinylamino, and electron withdrawing groups (EWG) which are stronger 
election withdrawing groups than a phenyl group or a halogen-substituted or a carboxyf-substituted phenyl 
group: X is oxygen, sulfur, selenium, tellurium or >C=0 and preferably oxygen; Z Is a counter ion; R is 
hydrogen, alkyl. aryl or aralkyl; R u -R 16 are the same or different and represent a hydrogen atom or a halogen 
atom; and R 17 is a hydrogen atom or a group of the formula -OR\ 

The compounds of formula (I) and (II) may be substituted or unsubstftuted at the 2. 4, 5 and 7 positions. 
When the 2, 4, 5 and 7 positions are unsubstituted, A cannot be hydrogen or methyl. 
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The present invention relates to a novel class of compounds, examples of which are useful as 
fluorescers or as photoinitiators. 

Examples of our compounds described in more detail below have the general structures (I) (II) (III) or 

(IV): 


w 


15 


20 


25 



(IV) 

oo where A is selected from hydrogen. 

alkyl, aryl, alkenyl, alkynyl, dichlorotriazinylarnino, and electron withdrawing groups (EWG) which are 
stronger electron withdrawing groups than a phenyl group or a halogen- substituted or a canboxyVsubstHuted 
phenyl group; X is oxygen, sulfur, selenium, tellurium or >C = 0 and preferably oxygen; Z is a counter ion; R 
is hydrogen, alkyl, aryl or aralkyl; R"-FV 6 are the same or different and represent a hydrogen atom or a 

35 halogen atom; and R 17 is a hydrogen atom or a group of the formula -OR'. 

The compounds of formula (0 and (ll) may be substituted or unsubstituted at the 2, 4, 5 and 7 positions. 
When the 2, 4, 5 and 7 positions are unsubstituted, A cannot be hydrogen or methyl. In one embodiment 
the compound is substituted at A or the 2, 4, 5 or 7 position with a functional group useful in finking the 
compound to an antibody or a ligand analog for use in immunoassays, in another embodiment the 

40 compounds are substituted with oleophilic moieties which make the compounds soluble in oil and useful as 
fluorescent dyes for oil leak detection. In another embodiment, the 2. 4. 5 and 7 positions may be 
substituted by bromine or iodine atoms as in formulas (ill) and (IV) to provide compounds useful as 
photoinitiators. 

Depending upon structure and substitution, specific examples of our compounds absorb visible light or 
45 infrared radiation and fluoresce or generate free radicals. As contrasted with conventional fluorescein dyes, 
the addition of the A substituent end, more particularly, the stronger EWG at the 9 position extends the 
wavelength of maximum absorption approximately 100 nm to longer wavelengths. 

In accordance with a first aspect of the present invention, we provide a compound of the formula: 
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where A is hydrogen, aJkyl, alkenyt. alkynyl. dichlarotriazinytamino, or an electron withdrawing group 
(EWG) which is more strongly electron withdrawing than a phenyl or a substituted phenyl group, W and W 
ere respectively selected from O and 0~, or NRj* end NFfe, R is hydrogen, lower alkyl, aralkyl, or aryl, and 
Z is a hydrogen atom or a counter ion, and the compound may be substituted or unsubstituted at the 2. 4, 5 
s and 7 positions, provided that when A is hydrogen or methyl, the compound is substituted at at least one of 
the 2, 4, 5 and 7 positions. 

A preferred group of our compounds are those represented by the formula (V): 



20 

where EWG is an electron withdrawing group selected from COOR, COR 5 , C(0)OCOR, CONR2, CN, NO2, 
NCS, NCO, SQzRS SOsR, SO2NR2, CXs; R is hydrogen, alkyl, aryl, or aralkyl; X can be the same or 
different and is a halogen atom; w and w are 0 and 0- or NR2 + and NFfe where R is defined as above; 
R'-R 4 may be the same or different and are selected from hydrogen, halogen, alkyl, alkenyl, aryl, aralkyl, 
26 alkaryl. SO*R. SO*R s . SO2HH2, UCh. NCO. NCS. (CH^NCO. (CH^NCS. CN. (CH2X.CN. (CKbkCOOR*. 
(CH2)nC0NR2. (CH2)nX. (CHaXiNR?; where n is 1 to 6. and R 3 and R* may combine to form a 10 to 12 
membered ring; and R 5 is hydrogen, alkyl. aryl. aralkyl, N-imido such as N-succinirnido and N-maleimldo. 
or NR2. Still more specifically, examples of our compounds may be represented by the formulas VI and VII. 


90 


35 


40 



where R* and R n -R 16 are defined as above. 

When R 5 is N-imido or NR? the compounds are esters of N-hydroxyimides such as N-hydroxysuc- 
45 cinimides or N-hydroxyamines. Typically, R 1 and R 2 are the same and R 3 and R* are the same. 

For use in immunoassays, at least one of R'-R 4 preferably includes a functional group such as an 
amino group, a carboxyl group, a sulfinyl group, a surfonyl group, an isocyanato group, an isothiocyanato 
group, a halogen atom. etc. which enables the dye to be coupled with a iigand analog, an antibody or 
similar substrata. 

so For use in oil leak detection, R'-R* may be selected to give the dye a desired degree of oil solubility. 
The addition of alkyl groups at the 2 and 7 positions extends absorption In the red at least an additional 20 
nm, increases the fluorescence quantum yield, and decreases the bleaching rate. 

For use as a photoinitiator, at least one of the R 11 -R* must be halogen. Examples of halogen atoms 
represented by R 11 -R 16 are chlorine, bromine end iodine. In one embodiment R^-R 16 in formula (VI) and 
55 R^-R 14 in formula (VII) are the same and represent bromine or Iodine. In another embodiment R 12 and R 13 
in formula (VII) and R 1t and R 16 in formula (VI) are halogen and the balance of R"-R' s ar hydrogen. 

Examples of specific photoinitiators in accordance with the present invention 
include 5,7-diiodo-3-methoxy-(Mluorone, 2,4.5,7-tetraiodo-^hydroxy-6-fluorone, 2,4 f 5,7-tetrabromo-3- 
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hydroxy-6-fluorone, 9-cyano-3-hydroxy-2,4,5 t 7-tBtraiodo^fluorone, and 9-cyano-3-hydraxy-2,4.5,7- 
tetrabromo-3-hydroxy-6-fluorone. 

To exhibit fluorescence, the compounds must be ionized. In another embodiment, R 2 or R* includes a 
moiety which produces intramolecular ionization of the compound at WW. 
s Thus, in a second and alternative aspect of the present invention, there is provided 
a compound of the formula (III) or (IV) 


10 


75 



(IV) 


20 where X is oxygen, sulfur, selenium, tellurium, or C=0, A is hydrogen, alkenyl, aryl, or an electron 
withdrawing group selected from quaternary amino, 
nitro, nitroso, cyano, -S0 3 R\ -SCfcR', halogen, 
trihetomethyl, -CHO, carbamoyl, sulfamoyl. sulfinyl and -COOR* 

where R' is hydrogen, alkyl, aryl, or aralkyl; and R n -R 16 are the same or different and represent a 
26 hydrogen or a halogen atom; and R 1 7 is a hydrogen atom or an -OR* group. 
The invention provides, according to a third alternative aspect thereof, 

a composition for detecting oil leakage comprising an oil vehicle and a fluorescent dye, characterised in 
that said dye is a compound of the formula: 

so 

EHG 


36 



where EWG is an electron withdrawing group which is more strongly electron withdrawing than a phenyl or 
40 a halogen or carboxyl substituted phenyl group, W and W are 0 and 0~ or NFfc * and 

NRj. R is hygVogen, alkyl, aralkyl. or aryl. Z is a hydrogen atom or a counter ion. and the compound is 
substituted with an oleophilic moiety at at least one of the 2, 4, 5 and 7 positions. 

In accordance with the more preferred embodiments of the Invention, the compounds are represented 
by the formula (Vllt) and (IX): 


60 


55 



(VIII) (IX) 
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The invention also provides tracers useful in immunoassays of the formula (X): 


EWG 


5 



(X) 

where Y is a linking group and A* is a ligand-analog as defined In U.S. Patent 4,585.862 or an antibody, and 
is EWG, W and W are defined as above. The disclosure of U.S. Patent 4,585,882 is to be regarded as 
incorporated herein by reference. 

in accordance, therefore, with a yet further alternative aspect of this invention, we provide 

a compound of the formula (X): 



(X) 


30 where A is selected from hydrogen, 

alkenyl, alkynyl, dichtorotriazinylamino, COOR, CORP, CONR2, C(0)OCOR, CN, NQj, NCS, NCO, SQ2R*, 
SO3R, SQ2NR2, CX3 where R is hydrogen, aikyl, aryt, or aralkyl and X may be the same or different and is 
a halogen atom; W and W are selected from either 0 and O*. or NR2 + and NFb; R s is hydrogen. aBcyl. 
aryl, aralkyl, N-imido or NR2; and A* represents a ligand-analog or an antibody and Y Is a linking group and 

36 the A*(Y) moiety may be at one of the 2, 4, 5, 7 or 9 positions and the balance of those positions may be 
substituted or unsubstituted. 

In one embodiment the finking group Y is the (fivaJent analog of one of the aforesaid functional R'-R* 
groups. Particularly useful linking groups include an oxalyl group, a sulfonyf group, a hydroxyimido group, 
or a carboamidosulfonyl group, in another embodiment the antibody or ligand-analog may be linked to the 

40 tricyclic nucleus via the moiety X 1 in formula (VII) below. In still another embodiment finkage may be via the 
A moiety at the 9-position. One compound which may be useful in immunoassays is substituted by 
hydrogen at the 9-positlon and cyano, isocyanato or isothkxyanato at one of the 2. 4, 5 and 7 positions. 

Representative examples of alkyl groups represented by R and R'-FF are straight chain, branched 
chain and cyclic alkyl groups having 1 to 10 carbon atoms. 

45 Representative examples of aryl groups represented by R and R'-R 5 include phenyl groups which may 
be unsubstituted or substituted by alkyl, (CHz) p COOR, (CH 2 )pX (OfeJpNFfe, where R and X are defined as 
above and p is 0 to 6. 

Representative examples of aralkyl groups represented by R'-R 5 include aralkyl groups containing 7 to 
20 carbon atoms such as benzyl, phenethyt, etc. 
60 Representative examples of alkaryl groups include alkaryl groups containing 7 to 20 carbon atoms such 
as phenyl substituted at the ortho or para position by a straight chain or branched chain alkyl group having 
1 to 8 carbon atoms. 

Representative examples of alkenyl groups represented by EWG or R'-R? include alkenyl groups 
having 2 to 10 carbon atoms such as vinyl, ailyl. 1-propenyl, 1-butenyl and 1.3-butadienyl. 
55 Repr sentative examples of alkynyl groups repres nted by EWG Include alkynyl groups having up to 
10 carbon atoms such as 1-propynyl. 1-butynyl, tc. 

Representative examples of th halogen atoms represented by X or R'-R 5 and R"-R tt include fluorine, 
chlorine, bromine and iodine and preferably fluorine or chlorine in the case of fluorescers and bromine or 


6 


EP 0 616 133 A2 


iodine in the case of photoinitiators. 

When R 3 8nd R 4 combine to form a ring, one class of such compounds can be represented by the 
formula XI. 


to 


EWG 



(XI) 


20 


26 


50 


35 


where EWG. R 1 and R 2 are defined as above, n is 2 or 3. and X 1 is NH, NR 6 . 0. PR S . CHR* where R* has 
the same definition as R'-R 4 but can be the same as or different from R*-R* and may additionally represent 
dichlorotriazinyt. For intramolecular ionization at least one of R'-R* will have a basic functional group when 
W/W 1 is 0/CT and have an acid functional group when W/W 1 is NRa +/NR$. Examples of such moieties are 
acetyl and amino groups. 

Representative examples of the counter ion represented by Z include chloride, bromide, iodide, 
perchtorate when Z is an anion and monovalent ions such as K , Na . ammonium, phosphonium, etc. when 
Z is a cation. When W/W* is 0/0", Z may be hydrogea 

Examples of our compounds have been found to absorb at wavelengths greater than 550 nm and 
preferably greater than 580 nm. In most compounds, these longer wavelengths of maximum absorption are 
believed to be attributed to the presence of a strong EWG like cyano at the 9-positlon. This effect Is 
illustrated in the following table for compounds of the formula V wherein the substHuents are as defined in 
the following Table: 



W/W 

A/EWG 

R'/R 2 

RW 

xmax in EtOH 

f 

1 

2 

3 

4 

5 

6 

1 

o/o- 

H 

H 

H 

504 

24700 

2 

o/o- 

CN 

H 

H 

594,548 

50300,24700 

3 

0/0" 

H 

Br 

Br 

530 

39300 

4 

o/o- 

CN 

Br 

Br 

626, 576 

51400. 24500 

5 

o/o- 

H 

» 

1 

536 

91200 

6 

o/o- 

CN 

I 

1 

638,586 

80000,35000 

7 

o/o- 

H 

H 

1 

520 

86000 

8 

o/o- 

CN 

H 

1 

618,570 

30500, 16600 

9 

o/o- 

H 

t-Bu 

H 

518 

101000 

10 

o/o- 

CN 

t-Bu 

H 

614,564 

47400.23200 

11 

O/Cr 

H 

t-Bu 

1 . 

532 

90800 

12 

o/cr 

CN 

t-Bu 

1 

636.582 

68300,33600 


60 


In more preferred embodiments, the compounds absorb strongly in the range of 650-700 nm. 
Compounds of the formula (II) can be obtained from 2,2\4,4 , -tetrahydroxybenzophenone using the 
following Reaction Scheme 1: 


55 
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Reaction Scheme 1 

© 
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n 


20 


1 

IIOO'C 
-10 



I 



BtOH 


t-BuOH 

R^SO^IPwming 15-18%) 
\ 2 4 


Cltronellic Acid 



DMP 
KCN 


DMF 
KCN 


40 



DMP 
KCN 



50 


Tetralodo 8nd tetrabromo hydroxfluorones can be obtained from 3,Wlhydraxyxantnane by the following 
Reaction Scheme 2: 


55 
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Reaction scheme Z 



20 

Synthesis Example 1 
3,6-Oihydroxyxanftone 

26 2,2\4.4Metrahydroxybenzophenone (2.5 g. 10.15 mmol.) was heated in 20 ml of water at 195* C-200 % C 
for 4 hours (Aldrich pressure tube). After cooling, the crude product was littered off and mixed with 25 ml of 
water. Trie resulting suspension was reffluxed for 125 mln. and filtered at about 60 % C. Pure product 3.6- 
dihydroxyxanthone 2.15 g was obtained in 90.4% yield. It did not melt below 330*C. HNMR (DMSO): 
10.780<s.2H), 7.983(d,2H.J = 8.6 Hz). 6,B22(m.4H). MS: 228. 200. 171, 115. 100. 89. 63. 

00 

Synthesis Example 2 


3.6- Oihydroxyxanthane 

36 To a suspension of 3.6-dihydroxyxanthone (48 g, 201 mmol.) in 1.8 L of THF was added over 1 nr. 800 
ml of borane-tetrahydrofuran complex (1.0 M in THF, caution very vigorous reaction at beginning). This 
mixture was stined overnight under argon at room temperature to give a clear yellow solution. The excess 
diborane was decomposed by careful addition of water followed by IN HO to give a dear yellow solution. 
The tetrahydrofuran was removed by rotary evaporation and the resulting solid filtered, washed with water 

40 and redissolved in 10% NaOH. This solution was filtered, cooled and reprecipitated with slow addition of 
HC1 to give a yellow solid which was filtered, washed with water and dried under vacuum to give 40.14 g 
(93%, mp 207-208) of 3.6-dihydroxyxanthane. H 1 NMR (DMSO):9.41 (s, 2H); 6.97 <d. 2H, J =8.4 Hz). 6.4 (dd. 
2H, J = 8.4,2.4 Hz), 6.39 (d, 2H, J = £4Hz), 3.785 (S, 2H). 

45 Synthesis Example 3 

3-Hydroxy-6-fluorone 

To a solution of 3,8-dihydroxyxanthane (2.14 g 10 mmol) obtained as in example 2 in 60 ml of ethanol 
so at 25* C was added DDQ (2.78 g. 12 mmol). The reaction mixture was stirred for 8 hours at room 
temperature. The yellow precipitate was filtered off and washed with ethanol. 3-Hydroxy-6-fluorone (15 g) 
was obtained in 80% yield. NMR (DMSO):8.203 (s,1H), 7.589 (d.2H, J=8.8Hz), 6.659 (d,2H, J =9.2 Hz) t 
6.478 (s, 2H). Xmax=500 nm (MeOH). 

55 Synthesis Example 4 

2.7- DI-t-butyl-3-hydroxy-6-fluorone 
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8.0 ml of 15-18% fuming sulfuric acid was added dropwise to 3.6-dihydroxyxanthane (10.7 g, 50 mmol.) 
in 50.0 ml of 2-methyt-2-propanol. The mixture was stirred for 30 minutBS and then heated to reflux for one 
hour. Thereafter 15.0 ml of 2-methyl-2-propanol was added and the solution was refluxed for another 2.5 
hours. Upon cooling, the precipitate which formed was filtered and washed with water. 27-dM-butyf-3- 
5 hydroxy-6-fluorone (15.8 g) was obtained In 97.5% yield. HNMR(DMSO): 9.11 (s,1H), 7.89(s.2H), 7.05(s, 2H). 
1.43(s, 18H). 

Synthesis Example 5 

io 2,7-Di-t-butyf-4 f 5-diiodo-3-hydroxy-6-fluorone 

Iodic acid (352 mg, 2.0 mmol) dissolved in a minimum amount of water was added dropwise to a 
solution of 1.82 g (5.0 mmol.) of 2jKii-t-biA^3-hydroxy-6-fluoron8 and 1.27 g (10.0 mmol) of iodine in 50 
ml of absolute ethanol at 0" C. This mixture was stirred over two hours then 50 ml of cool water was added. 
15 The precipitate which formed was filtered and washed with a small amount of ethanol. 2,7-di-t-butyt-yieId. 
HNMR (DMSO): 8.21(s,1H). 7.55(s.2H), 1.38(s,18H). 

Synthesis Example 6 

20 2,7>DH-butyM,5-disulfumyh3-hydroxy-6-1luorone 

Fuming sulfuric acid (3.0 ml of 15-18%) was added dropwise to 2J^M-butyf-34iydroxy-6-fluorone (1.6 
g. 4.9 mmol.). The mixture was stirred until the compound dissolved ft was slowly warmed to 40-50-C for 
half hour. Ice (10-15 g) was carefully added to the resulting mixture at 0*C with stirring. The precipitate 
25 which formed was filtered and 2.7-dM-butyl-4,5-disulfurny1-3-hydroxy-6-fIuorone (1.72 g) was obtained in 
72% yield. HNMR (DMSO): 97(s,1H), 8.17(s.2H), 1.40(s,18H). 

Synthesis Example 7 

so 3,6-Dihydroxy-4,5^liiodoxanthane . 

To a suspension of 3.6-dihydroxy-4,&-diiodoxanthone (9.6 g, 20.0 mmol) in 100 ml of THF was added 
40 ml of boran-tetrahydrofuran complex (1.0 M in THF) at room temperature under nitrogen. After stirring 
for 5 hours at r.t, the reaction mixture was quenched by adding 20.0 ml of 0.5 N HCI. After stirring for 30 
36 minutes the solvent was removed. The residue was filtered and the precipitate was dissolved in the 0.1 N 
NaOH solution. This basic solution was filtered and addified with 0.5 N HCI. The yellow solid product which 
formed was filtered. 3,8-dihydroxy-4,5^iiodoxarrthane {92 g, 96.8%) was obtained. HNMR (DMSO): 10.38- 
(s,2H), 2.05 (d.2H, J = 8.3 Hz). 6.67(d,2H, J <= 7.8 Hz), 3.88(s,2H). 

40 Synthesis Example 8 

4 t 5-Dibdo-3-hydroxy-6-fluorone . 

To a solution of 3.6-dihydroxy-4,5-diiodoxanthane (233 mg 0.5 mmol) in 10 ml of ethanol at 25-C was 
45 added 2>dichloro-5,6-dicyano-1 t 4-benzoquinone (DDQ) (113 mg, 0.5 mmol). The reaction mixture was 
stirred for 4 hours at room temperature. The yellow precipitate was filtered end washed with ethanol. 4,5- 
Diiodo-34iydroxy-6-fluorone (180 mg) was obtained in 77.6% yield. HNMR (DMSO): 8.22(s.1H). 7.68(d,2H, 
J =8.8 Hz), 6.84<d.2H. J = 8.3 Hz). 

60 Synthesis Example 10 

General procedure for preparation of frcyano substituted xanthene derivatives : 

Potassium cyanide (2.0 mmol) was added to a solution of a 9-hydrogen substituted xanthene (1.0 
55 mmol) in 5.0 ml of DMF. The reaction was monitored by the visible absorption spectrum until the starting 
material was completely consumed. The reaction solution was treated with 4:1 hexanadichloromethane after 
which the precipitate which formed was filtered, dried and treated with 5% HCI and washed with water. 9- 
Cyano substituted ftuorone derivatives were obtained in 60-95% yield. Analytically pure compounds were 
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isolated by TLC separation. 


Compound 

HNMR (DMSO) 

9-Cyano-3-hydroxy-6-fluorone 

9-Cyano-2,4,5,7-t8tra-t-butyl-3-hydroxy-6-fluorone 

8- Cyano-2.4 f 5,7-tetraiodo-^hydraxy-6-fluorone 

9- Cyana-4.6-diiodo-3-hydroxy-6-fiuorone 

8-Cyano-2.7-OK-butyl-3-hydroxy6-fluorono 
9^arKh2 l 7^i-t^utyl-4 l 5-dilodo-3-hydroxy-e-fluorone 

7.28(d.2H, J = 924 Hz). 628 (dd£H, 

J = 9.24, 1 .92 Hz), 5.94 (d^H, J = 1 .98 Hz) 

7.79(s.2H) 

8.Q1(S.2H) 

7.38(d^H. J = 92 Hz), 8.48 (d.2H, J =92 
Hz) 

7.41<s2H) l 1.37(s»1BH) 
7.28(s2H) t 1.34(s,18H) 


Synthesis Example 1 1 

a^.SJ-Tetfaiodo^hydroxy-S'fluofone (T1HF) 

Iodic acid (16 4 g, 93 mmol) dissolved in a minimum amount of water (app. 1 ml per gram) was added 
dropwise over 20 min. to a solution of 10 g (46.7 mmol) of 3,6-dihydroxyxanthane and 29.8 9 (118 mmol) of 
iodine In 1 L of absolute ethanol. This mixture was stirred over two hours during which the dark brown 
solution slowly turned a red orange as the solid initiator precipitated. The mixture was then warmed for an 
hour at 60.C. After cooling, the mixture was filtered, washed w'rth water and ethanol and the crude solid 
treated with absolute ethanol and refiltered to give, after drying under vacuum, 29 g (87%) of a red solid 
(K=53B nm In ethanol) H 1 NMR (DMSO) 8.31 (s, 2H), a07 (S, 1H). 


Synthesis Example 12 


2 f 4,4,7-Tetrabromo-3-hydraxy-6-fluorone (TBHF) 

30 — 

To a solution of 3.6-<fihydroxyxanthane (4.28 g 20 mmol) in 150 ml of ethanol was added sodium 
hydroxide solution (4.8 g. 120 mmol In 10 ml of H2O). The solution was cooled to 0«C then Br 2 (22.4 g, 140 
mmol) was slowly added. After addition, the reaction mixture was stirred for 8 hrs. at room temperature. 
Precipitate was filtered off and washed with ethanol. 2,4,5.7-tetrBbrorrK)-3^ydroxy-& : fluorone (9.6 g 90.8%) 
36 was obtained. NMR (DMSO) 8.309 (s, 1 H), 0244 (s, 2H, Xmax = 526 nm (methanol). 

In the table below, the properties of the foregoing initiators are shown: 


.45 


60 


Compound max 3 f b f pKa Box Ered phos 

HF 500,504,490 506,513 .95° 5.97 1.34 -.99 

TBHF 526,530,516 539 .52 3.28 1.099 -.95 

TIHF 532,536,526 544,549 .13 4.08 1.04 -.95 676 


Entries in the table are in the solvents according to the 
following order. 

a. MeOH, EtOH, 10% MeOH/90% water 

b. MeOH, EtOH 

c. 10- 7 H 


Synthesis Example 13 
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Potassium cyanide (1.175 g, 18.0 mmol) was added to a solution of TIHF (10.74 g 15.0 mmoJ) in 100 ml 
of DMF. The reaction was monitored by its visible spectrum until all of the TIHF was consumed. The 
5 solvent was removed with a vacuum pump at room temperature end the residue was treated with 1:1 
hexane/dichlofomethane. The precipitate was filtered, dried and treated with 18% HCI then washed with 
water. 2.4,5,7-tetralodo-9-cyano-3-hydroxy-e-fIuorone (10.60 gh) was obtained (975). HNMR (DMSO):8.006- 
(2H.3) max (EiOH= B38 nm). 

10 Synthesis Example 14 

5- Hydroxy-3-methoxyxaMhone 

7.0 g (30.7 mmol) of 3,6-dihydroxyxanlhone Is dissolved In aq. NAOH (2.5 g (62.5 mmol) In 200 mis 
15 HzO). 3.2 mis (33.6 mmol) of dimethysulfate is added dropwlse with stirring, and solid forms immediately 
upon completion. Stirred further 1 hour and heated to reflux for 15 minutes. Additional base is added to 
insure complete solubility of phenols. Filtration yields 1 . Solution is acidified with HQ. and filtration yields a 
mixture of staring material and 4. Solid is heated to reflux in about 200 mis ethanol for 15 minutes to 
dissolving starting material, and solid is filtered out, washing with ethanol and water. This may have to be 
20 repeated several times to obtain pure 4 in about 50% yield; mp =303-3Q6-C.NMR (200 MH* in d-DMSO) s 
3.89 (3H,s), 6.82 (1H,d,J = 2.24 H*), 6B7 (iH.m), 6.99 (1H,dd,J = 8.78 H*, 2.20 7.00 
7.09 (1H,d,J = 8.52H 2 ), 8.03 (1 H,d, J = 8H*). 

Synthesis Example 15 
25 ~~~~ ~ 

6- Hydroxy-3^ethoxyxanthane 

To a solution of 4.0 g (16.5 mmol) of 4 in 150 mis of anhydrous THF under nitrogen is added with 
stirring 41 mis (41 mmol) of 1 M BH 3 in TfiF. Reaction mixture is stirred overnight at room temperature, 
so Solvent is stripped and flask washed out with aq. NaOH, dissolving product completely. After filtration to 
remove impurities, the solution is acidified, filtered and washed with water to yield 3.73 g (99%) of yellow 5. 
NMR (200 MH* in d-DMSO) s 3.72 (3H.s), 3.82 (2H.s), 6.46 (2H.M), 6.63 (2H,m), 7.00 (1H.d.J=8.12H 2 ). 7.10 
(1H.d.J=9.46 HJ. MS: 227,212.197.184.128. 

36 Synthesis Example 16 

5,7-Diiodo-3-methoxy-6-fUjorone 

To a solution of -228 g (1 mmol) of 5 and .508 g (4 mmol) of iodine in 20 mis of ethanol, .211 g (1.2 
40 mmol) of iodic acid in minimum water is added dropwise with stirring 1 hour at room temperature then 
warmed to 5- - C for 15 minutes. Filtration and washing with ethanol and water yields .44 g (92%) of orange 
6. NMR (200 MH Z in d-DMSO) s 3.96 (3H.s). 7.10 (1H.dd,J=8.72 H„ 2.38 H x ), 7.19 (1 H,d,J-2.38), 7.86 
(1HAJ = 8.74H 2 ), 8.35 (1H,s), 8.46 (1H,s). MS: 478,450,351,323,186,181.125. 

As the foregoing examples and Reaction Scheme 1 illustrate, the 2- and 7- positions can be 
45 functionalized by an electrophilic substitution reaction. Subsequently, the 9-position is functionalized by a 
1,6-conjugeted addition reaction followed by autoxidation. See for example compounds 8 and 0 in Reaction 
Scheme 1. Introduction of functional groups at the 4 and 5 positions may also be accomplished by 
electrophilic substitution. From 2.7-di-t-buty1-3-hydroxy-6-fluorone. compound 5 in Reaction Scheme 1, 2.7- 
dtt-butyl-3-hydroxy-4,5-diiodo-6-fluorone can be prepared by reaction with Iodine and HIO». 2,7-Di-t-butyl- 
so 3-hydroxy-4,5-disulfumyl-6-fluorone can be prepared from compound 5 by reaction with 15-18% fuming 
sulfuric acid. Each of these derivatives can be reacted with KCN In DMF using the procedure of Synthesis 
Example 10 to yield the corresponding 9-cyano derivative. 

The 4- and 5-positions can also be functionalized as shown in Reaction Scheme 3. 

55 
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Reaction Scheme 3 
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1. BuLi 

2. CO„ 


00 



45 Many other 4,5 derivatives can be prepared from 3-hydroxy-4,5-diio<to-Muoron8 (D1HF) which can be 
prepared as shown in Reaction Scheme 4 below: 
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Reaction Scheme 4 
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Compounds of the genera) formula (IX) may be obtained by aminomethylation of the corresponding 
fluorone followed by functionalizaiion of the 9-position or by fu nationalization of the following compound 
using reactions which are analogous to those shown in Reaction Scheme 1 for the fluorones. 



K(CH 3 ) 2 


Compounds of the formula XI can be prepared by the following Reaction Scheme 5: 

60 
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Reaction Scheme 5 
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so A proposed synthesis for 9-trifluoromethyl derivatives is provided in Reaction Scheme 6: 
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Reaction Scheme 6 


0 
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When R 7 is H in formulas Hi and IV. the compounds are herein referred to as dehydroxfiuorones. A 
proposed synthetic route for dehydroxyfluoronos is shown in Reaction Scheme 6. 
Examples of such compounds are shown below: 
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COMPOUND A 
CN 



COMPOUND D 



CH^COOH CH^COOH 
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COMPOUND E 
CM 




COOH 


COMPOUND G 


25 


45 


60 



R-H.CN.CF 

7 

R -<CH„) COOH, 
2 n 

2 n 2 

no 1-6 


55 Example 1 

The following compositions were prepared: 
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Composition 1 

TMPTA 

909 

NVP 

10 g 

TIHF 

3.6 mg 

NPG 

75 mg 


Composition 2 

DPHPA 

879 

NVP 

13g 

NPG 

3.6 mg 

TIHF 

75 mg 


20 


Composition 3 

DPHPA 

30G 

NVP 

10 g 

TIHF 

3.6 mg 

NPG 

75 mg 

TMPTA 

20 g 

Ebecryi 370 (bisphenol Adiacrylate) 

4oz 


Composition 4 

NVP 

10g 

TIHF 

3.6 mg 

NPG 

75 mg 

Tetraethylene glycol diacrylate 

90 g 


36 

Results 

Each composition was placed in a test tub© and exposed to a broad band light source. "Rie 
40 compositions all cured rapidly. 

Examples of our compounds are useful in many of the same applications as conventional photoinitiators 
and fluorescent dyes. In particular, they are useful as a substitute for fluorescein dyes and other fluorescent 
agents In Immunoassays and still more particularly in polarization Immunoassays of the type described In 
U.S. Patent 4.585,862. The compounds are advantageous because they absorb at much longer wavelengths 
45 than conventional fluoresces and this enables the use of inexpensive lasers such as He/Ne lasers to excite 
the compounds. Furthermore, because of their long absorption wavelengtfis, it may be possible to perform 
immunoassays on whole Wood using these compounds. Presently, it is generally necessary to remove the 
blood cells from the blood in order to prevent them from absorbing the excitation energy. 

Examples of our compounds are also useful as fluorescent oil additives for use in engine teak detection, 
so Presently, the fluorescent dyes used in this process require the use of high powered lamps to excite the 
dye and In order to produce a sufficient level of fluorescence to detect oil leakage due to the competing 
absorption of the oil and the oil additives. Because of our compounds absorb at longer wavelengths, less 
competing absorption is encountered and lower power light sources can be used to delect oil leakage. The 
other components of the oil do not compete as much for the light et longer wavelengths. A particularly 
55 preferred fluorescer for use in leak detection is 2 ( 7^M-outyl^hydroxy-6-fluoron , Compound No 5 in 
Reaction Scheme 1 above. 

A particularly useful class of fluoresce rs are compounds of the formula IV In which R 1 and R 2 are 
substituted and R 3 and R* are hydrogen. For use in immunoassay, ionic moieties can be added to the 
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compounds to enhance th ir water solubility. However, in the fluorescent compounds R'-R* are usually not 
a heavy atom such as bromine or iodine. Fluorescence has not been observed with the tatter compounds. 
However, they ere effective photoinitiators. As e general rule in order to achieve fluorescenc , the 
compound must be ionized. In nonpolar media such as oils, it may be necessary to include a functional 
s group in R'-R* which interacts with VWW to produce intramolecular ionization. 

The flu or one initiators are preferably used in combination with a coinitiator. Useful coinhlators can be 
selected from among those known in the art and. more particularly, from known electron donating 
colnruators. N-phenylglycine (NPG) is a well known and preferred coinitiator. Examples of other useful 
electron donating coinitiators are discussed in Eaton, D.F M "Dye Sensitized Photopolymerization", Advances 
10 in Photochemistry . Vol. 13. pp. 427-486. Also useful are N.lsWialkylanilines and other tertiary amines such 
as dlethanolamine, triethanolamine, and arytsulfinates. 

Dialkylanilines appear to function as autoxidlzers and are preferably used in combination with an 
electron donor such as NPG. Representative examples of useful N,N-dialkylanilines are 4-cyano-N.N- 
dimethylanlline, 4-acetyhN,N-dlmethylaniline, 4-bromo-N,N-dimethylaniline, 4Hfnethy(-N ( N-dimethyfanHine. 4- 
is ethoxy-N f N-dimethylaniline, N.N-dimethylftioanicidine, 4-amino-N,^imemy1aniline l 3-hydroxy-N, N- 
dimethylaniline, HN.N'N'-tetramethyM ,4^ianiline. 4-acetamido-N.N-dimethylaniline, 2,6-diethyl-N.N- 
dimethylaniline. N.NZ4.6-perrtamethylanlline (PMA) and p-t-butyl-N.N-dimemylaniline. 

Certain other tertiary amines are also useful coinitiators including triethylamme, triethanolamine, etc. 

Another class of useful coinitiators is alkyi borate salts such as ammonium and pyridinium salts of 
20 borate anions of the formula BR^R^R^R 21 where R^-R 21 are independently selected from the group 
consisting of alkyl, aryi, aikaryl, altyt. aralkyl, alkenyl. aikynyi, alicyclic and saturated or unsaturated 
heterocyclic groups. 

Representative examples of alkyl groups represented by R^-R 21 are methyl, ethyl, propyl, butyl, pentyl, 
hexyl, octyt, stearyl, etc. The alkyl groups may be substituted, for example, by one or more halogen, cyano, 

26 acyloxy. acyt. alkoxy or hydroxy groups. Representative examples of aryl groups represented by R 18 -R 2 ' 
include phenyl, naphthy! and substituted aryl groups such as anisyl and aikaryl such as methytphenyi, 
dimethytphenyt, etc. Representative examples of aralkyl groups represented by FT'-R 21 Include benzyl. 
Representative alicyclic groups include cyctobutyl, cyclopentyl, and cyciohexyl groups. Examples of an 
alkynyl group are propynyl and ehtynyl. and examples of alkenyl groups include a vinyl group. 

30 Preferably, at toast one but not more than three of R^-R 21 is an alkyl group. Each of R t8 -R 21 can 
contain up to 20 carbon atoms, and they typically contain 1 to 7 carbon atoms. More preferably R^-R 21 are 
a combination of alkyl group(s) and aryl group(s) or aralkyl group(s) and still more preferably a combination 
of three aryl groups and one alkyl group, i.e.. an alkyltriphenylborate. Useful salts are disclosed in U.S. 
Patent 4,950,581. 

35 Presently, a combination of N-pheny (glycine (NPG) and diisopropyldimethylaniiine (DIDMA) Is used as 
coinrtiator when high speed is required, for example, in a black radiation curable ink. 

The most typical example of a free radical addition potymenzable or crossOnkable compound with 
which the initiator and coinitiator are useful is an ethylenically unsaturated compound and, more specifically, 
a potyethylenically unsaturated compound. These compounds include both monomers having one or more 

40 ethylenically unsaturated groups, such as vinyl or allyl groups, and polymers having terminal or pendant 
ethylenic unsaturation. Generally, any unsaturated compound which is convertible to a soBd by free radical 
polymerization is useful. Such compounds are well known in the art and include acrylic and methacrylic 
esters of polyhydrlc alcohols such as trlmethylolpropane, pentaerythrttol, and the like; and acrylate or 
methacrytate terminated epoxy resins, acrylate or methacrylate terminated polyesters, etc. Representative 

45 examples include ethylene glycol diacrylate. ethylene glycol dimethacrylate, trimethylotpropane triacryiate 
(TMPTA), penteerythritol tetramethecrylate, dipentaerythritol hydroxypentacrylate (DPHPA), hexanedtoM ,8- 
dimethacrylate, hexanediol diacrylate. diethylenegtycol dimethacrylate, diglycidyl ether diacrylate 
(MW=390), trimethylol propane ethoxylate triacryiate, neopentyl glycol propoxate diacrylate (MW=428). 
Other vinyl compounds such a N-vinyl pyrrolidone (NVP) are also useful. The monomers may be selected 

60 and blended to provide the optimum photographic speed anoVor the physical characteristics desired in the 
product. Monomer selection and blending may also be used to insure adequate solubility of the photoinitia- 
tors. A particularly preferred monomer composition Is 87% DPHPA and 13% NVP. Another preferred 
composition is TMPTA. DPHPA and NVP> 

It may be desirable to incorporate a sensitizer in the composition to control the sensitivity of the 

55 composition and/or to extend its sensitivity. Useful sensitizers include those known in the art such as 
anthracene, and its derivatives naphthalene, acetophenone, benzophenone, 2-acetonaphthone, etc. 

Solvents may be necessary to dissolv the photoinitlator H th photolnibator is not sufffci ntly soluble in 
the monomer. Solvents may also be used to shift the absorption spectrum to tune the sensitivity of the 
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composition. Som exampl s of useful solvents ar N-vinylpynrolidone and nitrobenzene. Otfier useful 
solvents can be identified readily. 

The nature of the monomer, the amount of the fluorone and coinfflator in photohardenable compositions 
will vary with the particular use of the compositions, the emission characteristics of the exposure sources, 
s the development procedures, the physical properties desired in the polymerized product and other factors. 
With this understanding, compositions will generally fall within the following compositional ranges in parts 
by weight (based on 100 parts total). 


Poiymertzabie compound 

50 to 89.7 

Fluorone 

.02 to .05 

Electron Donor 

0.2 to1 

Autoxidizer 

0to3 

Sensitizer (optional) 

0.3 to 1 


75 

Compositions may typically have the following formulation: 


20 


Polymerizable compound 

lOg 

Fluorone 

2 mg to 10 mg 

Electron Donor 

20 mg to 100 mg 

Autoxidizer 

Oto3g 

Sensitizer (optional) 

20 mg to 100 mg 


25 The photohardenable compositions can be coated upon a support in a conventional manner and used in 
making a photoresist or in photolithography to form an oleophilic polymer image. Development of the 
photohardenable compositions is conducted in an otherwise known or conventional manner, e.g., a solvent 
for the unpolymerized monomer may be used to remove the photohardenable composition in the unex- 
posed areas. 

ao The compositions can also be encapsulated as described in U.S. Pat. Nos. 4,389,209 and 4,440,846 
end used to control the release of an image-forming agent. The latter processes typically involve image- 
wise exposing the photosensitive layer to actinic radiation and subjecting the layer of microcapsules to a 
uniform rupturing force such as pressure. 

The photohardenable composition is also advantageous for use in the three dimensional modeling 

36 process taught in U.S. Pat. 4.575,330 to Hull. Due to the thicker depth of cure that is possible, models may 
be prepared in larger cross-sectional increments. This should reduce the total time required for the model 
building process. Another advantage which the claimed compounds bring to three dimensional modeling is 
higher green strength. Depending upon the extinction coefficient, the compositions and photosensitive 
materials can be exposed to any source which emits in this range and particularty an He/Cd laser, or 

40 mercury arc lamps. 

We also contemplate use of our fluoroses in dosimeters and more particularly in dosimeters useful in 
detecting UV, visible and infrared laser pulses. Because fluorones undergo a color change when exposed to 
radiation, they may be used to record and provide a quantitative Indication of exposure to actinic radiation. 
For this purpose, they may be dispersed in a compatible binder such as polyvinyl alcohol or polymethyl 
45 methacrylate and coated upon a support When the color change alone is not suitable for use in dosimetry, 
the photohardenable compositions described above may be useful. Exposure of the compositions produces 
a change which is indicative of the type or amount of exposure. 

In addition to being useful in photosensitive materials, the compositions are also useful in a wide variety 
of other applications Including photocurable inks and coatings, photoadhesh/es, printing plates, printed 
go circuit fabrication, and other applications for photohardenable compositions. 

While we have referred to free radical polymerizable compositions, It Is anticipated that me fluorones 
described herein are also useful in ionically polymerizable compositions and more particularly cationicaJly 
polymerizable compositions. In this arrangement, the fluorones are used with onium salts such as iodonium, 
phosphonium. sulfonium end pyrylium slats. Cationically polymerizable compositions based upon onium 
55 slats are known in the art as shown in U.S. Patents 4,264,703 and 4,307,177 to Crivello, and European 
Application 0 408 227 A1. 

Claims 
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where A is hydrogen, alkyl, aJkenyl. alkynyi, dichlorotriazinylamino, or an electron withdrawing group- 
(EWG) which is more strongly electron withdrawing than a phenyl or a substituted phenyl group, W and 
W* are respectively selected from 0 and 0", or NRz and 

NFfe, R is hydrogen, lower alkyl, aralkyl, or aryl, and Z is a hydrogen atom or a counter ion, and the 
compound may be substituted or unsubstituted at the 2. 4. 5 and 7 positions, provided that when A is 
hydrogen or methyl, the compound is substituted at at least one of the 2, 4, 5, and 7 positions. 

2. A compound according to Claim 1 , further characterised In that A is selected from hydrogen, alkenyl. 
alkynyi, dichlorotriazinylamino, COOR. COR 5 , CONRz, C(0)OCOR, CN, NO2. NCS, NCO, SOzR 5 . 
SOsR, SOaNRz. CXa where R is hydrogen, alkyl. aryl. or aralkyl. X is a halogen atom; and R 5 is 
hydrogen, alkyl. aryl, aralkyl, N-lmido or NRj. 

3. A compound according to Claim 2. further characterised in that said compound is represented by the 
formula (V): 



where EWG is an electron withdrawing group consisting of A as defined in Claim 2; R U R* may be the 
same or different and are selected from hydrogen, halogen, alkyl. alkenyl. aryl. aralkyl. alkaryl. <CHa)- 
„COOR 5 . (CHzKCONRa, (CH^X. S0 9 R, SO2R 5 . SOaNR,, NO2. (CH^NRz, NCO. NCS, (CH^NCO, 
(CHz^NCS, CN, (CH*) n CN, where n is t to 6, and R 3 Is R* may combine to form a 10 to 12 membered 
ring; and R 5 is hydrogen, alkyl, aryl. aralkyl. N-imido or NR2. 

4. A compound according to Claim 3, further characterised in that R 1 and R 2 are alkyl groups. 

a A compound according to Claim 3. further characterised in that R* and R 2 are alkyl groups. W is NR2* 
and W Is NR2. 

6. A compound according to QaJm 3. further characterised In that R 1 and R 2 are alkyl groups, w Is O and 
Wis O". 

7. A compound according to any of Claims 1, 5 or 6, further characterised in that EWG is CN. 

8. A compound according to Claim 3, furth r charact rised in that EWG is CF3. 

9. A compound according to Claim 3. further characterised in that R 3 and/or R* indud s a functional 
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group suitable for coupling said compound to a ligand-analog or an antibody. 

10. A compound according to Claim 9, further characterised in that said functional group Is COOR 5 or NRz. 

5 11. A compound according to Claim to, further characterised in that said functional group is oxalyl, 
sutfonyl, N-imido or carboamidosutfonyl. 

12. A compound according to Claim 3, further characterised In that at least one of R'-R* includes a 
functional group which products intramolecular ionization of said compound. 

TO 

13. A compound according to Claim 3, further characterised in that A is hydrogen and one of R'-R* is CN, 
NCO, NCS, (Cr^CN, (CH^NCO and (Cr^NCS where n is 1 to 6. 

14. A compound according to any preceding claim, further characterised in that said compound fluoresces 
75 upon the absorption of actinic radiation. 

i 

15. A compound according to any of Claims 1 to 13. wherein said compound is capable of generating free 
radicals upon absorption of actinic radiation alone or in combination with a coinitiator. 

20 1& A compound of the formula (X): 



*> (X) 


where A is selected from hydrogen, 

aikenyl. alkynyl, dichlorotriazinylamino, COOR. COR?, CONRa, C(0)OCOR. CN, NOz. NCS. NCO, 
as SOzR 5 , SO3R, SCfcNRz, CXa where R is hydrogen, alkyl, aryl. or aralkyl and X may be the same or 
different and is a halogen atom; W and W 1 are selected from either 0 and 0-, or NR2 * and NFfc; R 5 is 
hydrogen, alkyl, aryl, aralkyl, N-imido or NR2; and A* represents a ligand-analog or an antibody and Y is 
a linking group and the A'(Y) moiety may be at one of the 2, 4, 5, 7 or 9 positions and the balance of 
those positions may be substituted or unsubstituted. 

40 

17. A composition for detecting oil leakage comprising an oil vehicle and a fluorescent dye, characterised 
in that said dye is a compound of the formula: 


60 



where EWQ is an electron withdrawing group which is more strongly electron withdrawing than a 
phenyl or a halogen or carboxyl substituted phenyl group, W and W are O and 0" or NR2 * and 
55 NRz, R is hydrogen, alkyl, aralkyl, or aryl, Z is a hydrogen atom or a counter ion, and th compound is 
substituted with an oleophilic moi ty at at least one of th 2. 4, 5 and 7 positions. 

18l A compound of the formula (III) or (IV) 
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where X Is oxygen, sulfur, selenium, tellurium, or C=0, A is hydrogen, aBcenyt, aryl, or an electron 
wfthdrawing group selected from quaternary amino, 
nftro, nitroso, cyano, -SC^R', -SC^R', halogen, 
is trihalomethyl, -CHO, carbamoyi, sulfamoyl, sulfinyl and -COOR' 

where R' is hydrogen, alkyl, aryl, or aralkyl; and R"-R 15 are the same or different and represent a 
hydrogen or a halogen atom: and R 17 is a hydrogen atom or an OR* group. 

19. A compound according to Claim 18, further characterised in that said fluorone is represented by the 
20 formula VI 
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20. A compound according to Claim 19. further characterised in that A is hydrogen and R n -R 14 are 
bromine. 

35 

21. A compound according to Claim 19, further characterised in that it Is useful as a photoinitiator. 
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